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(Essen0al)	Mo0va0on	

You	only	understand	the	exoplanet		
only	as	well	as	

you	understand	the	parent	star	

(if	you	are	lucky)	



Directly	Determined	Proper0es	
of	Exoplanet	Host	Stars 		
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•  “Proper0es”:	stellar	radius,	Teff,	L	
•  “Direct”:		
•  op0cal	&	NIR	interferometry	(θ)	

•  CHARA	Array	(uniform	disk,	angular	diameter)	
•  Limb-darkening	correc0ons	(Claret+2001,2011)	

•  trigonometric	parallax	(distance	à	radius)	
•  Hipparcos,	RECONS,	…	

•  SED	fi]ng	(FBOL	&	θ	à	Teff,	L)	
•  Literature	photometry	measurements		
•  Updated	filter	profiles	(Mann	&	von	Braun	2015)		



Products	&	Applica0ons	
•  Largely	empirical	stellar	astrophysical	parameters	
(L,	R,	Teff)	

•  Exoplanet	system	characteriza0on	(size	and	
density	for	transi0ng	planets,	HZ,	etc.)	

•  Stellar	physics,	par0cular	late-type	stars	
(Boyajian+2015)	

•  Calibra0on	/	constraints	for	stellar	models	
•  Predic0ve,	semi-empirical	rela0ons	for	stellar	R	&	
Teff	as	func0ons	of	observables	(Boyajian+2013,	
Mann+2015,	Adams+2017,	etc.)			

2017	Oct.	9	 KvB	--	KnowThyStar	--	Pasadena	 4	



Why	“direct”?	
•  SB	Law:	Teff	~	(L	R-2)0.25	~	(FBOL	θ-2)0.25		
•  Common	approaches:		
–  Full-on	stellar	models	
–  Semi-empirical:	determine	Teff	spectroscopically,	SED	fi]ng	
for	FBOL,	get	θ	and	Rstar.	

–  NB:	Interferometric	results	calibrate	models	&	rela0ons.	
•  Where	direct	interferometry/SED	approach	helps:		
–  Stellar	models	tend	to	underes0mate	stellar	radii	(5-10%)	and	
overes0mate	Teff	(3-5%),	especially	for	(early	and)	late	spectral	
types.		

–  For	semi-empirical	models,	σTeff	of	3-5%	result	in	σRstar	~	
6-10%.	

–  Accuracy,	eccentric	objects,	…	
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Direct	does	not	mean	easy	
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•  Interferometry	is	difficult.	
– Atmospheric	condi0ons;	0me	scales.	
–  (Un)known	calibrator	sizes;	choice	of	calibrators.	
– Uncertain0es	very	hard	to	characterize.	
–  Inherently	complicated	method	(systema0cs).		

•  SED	can	be	affected	by	
– Unknown	errors	in	literature	photometry	
– “Incorrect”	filter	profiles.		
– Misclassifica0on,	…		
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Status	
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•  Status	Nov	2016	
•  δθ	<	5%	
•  d	<	150	pc	
•  R	<	100	Rsolar	
•  no	fast	rotators	
•  no	pulsators	

Empirical	HRD	
(~	300	stars)	

	
size	of	data	point	

=	log	Rstar	
	

Blue:	EHS	(~60)	

von	Braun	&	Boyajian	(2017)	
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S P R I N G E R  B R I E F S  I N  A S T R O N O M Y

Kaspar von Braun
Tabetha Boyajian

Extrasolar 
Planets and Their 
Host Stars

Stars	with	interferometrically	determined	diameters	



Selected	Highlight	1/3	–	GJ	436	

2017	Oct.	9	 KvB	--	KnowThyStar	--	Pasadena	 9	

10 von Braun & Boyajian et al.

Fig. 6.— Radial velocity data from Maness et al. (2007), superimposed with the model fit generated by our MCMC analysis. The RV
units are in kms−1. For details, see §4.

Fig. 7.— Correlations between some of our proposed parameters of the MCMC analysis. See Table 2 for explanation of symbols and
units; δ, the transit depth, is shown here in mmag. For details, see §4.2.
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Fig. 5.— Spitzer/IRAC4 light curves (top: transit; bottom: eclipse) from Knutson et al. (2011), phase folded with ephemeris information
in Table 2 and superimposed by the respective model fit generated by our MCMC Analysis. For details, see §4.

Combine	interferometry	
with	literature	0me	series	
photometry	and	RV	data.		

	

	

von	Braun	et	al.	
2012	



Selected	Highlight	2/3	–	GJ	876	
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Interferometric	
radius	~	25%	(>12σ)	
larger	than	literature	
values.		

	

	

von	Braun	et	al.	
2014	 Box:	0.8	AU	



Selected	Highlight	3/3	–	HD	189733	
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Interferometric	
radius	can	be	
harmonized	with	
models	for	different	
value	of	mixing	
length	parameter	
(but	not	for	different	
age,	composi0on,	
magne0c	ac0vity,	
etc.)	
	

Boyajian	et	al.	
2015	
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